DEVELOPMENT  OF  A PYROLYTIC 


GRAPHITE  GRID  VERSION  OF  THE 


4CW100,OOOE 

<__/  ' -—I 

Varkin  EIMAC  Division 


Sterling  G.  McNees 


ROM!  AIR  DEVELOPMENT  CENTER 

Air  Fort*  Systems  Command 

Griffis*  Air  Porco  Rasa,  Now  York  13441 


K 


• • 


Thin  report  hu 
la  ralaaaabla  to  the 
■nt  It  will  bo  roloi 


booo  reviewed  by  tbo  KADC  Information  Office  (01)  and 
National  Tachnical  Information  Service  (RTXS).  At 
laable  to  the  general  public,  Including  foreign  net Iona. 


MK-Hr7M06  bee  been  reviewed  end  le  approved  for  publication. 


Acting  Chief,  Plane  Office 


If  your  addreae  baa  changed  or  If  you  vleh  to  be  ram 
“illn*  or  If  th.  ridrwH  1.  do 
tlon,  plaaae  notify  1ADC  (OCTP),  Griff lea  APS  W13AA1 
ua  In  maintaining  a current  mailing  liat. 


Do  not  return  thla  copy.  Retain  or  dee troy. 


unclassified 

SECURITY  CLASSIFICATION  or  THIS  PAGE  (Whan  Date  Entered) 

j REPORT  DOCUMENTATION  PAGE 

IV  Rtmuiilliwilll  ~ ./  [2  GOVT  ACCESSION  NO.  1.  RECIPIENT'S  CATALOG  NUMBER 


f RADC^TR-79-1/6  ( f 6 \ 

«.  title  <■— w tyke  uf  refuri  u AieRifl^c.* 

DEVELOPMENT  OF  A PYROLYTIC  GRAPHITE  GRID  VERSION  / f i™1  f ep«*t^ 


rELOPMENT  OF  A PYR01 
THE  4CWljfo,dtOT  , 

7-  AUTHOR* •>  ■■  

I Sterling  G.^McNees  ^ 


10  Jun'  77  - 26  Oct  78 


p^6^32-77-C-^84  / 


».  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Varian  EIMAC  Division 

301  Industrial  Way  |J  4Q 

San  Carlos  CA  94070  ” U 

II.  CONTROLLING  OFFICE  NAME  AND  AOORESS 

Rome  Air  Development  Center  (OCTP) 
Griffiss  AFB  NY  13441 


(JT 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  & WORK  UNIT  NUMBERS 

-62702F  \ —r 

I5573b220  / 


S"  y 111  RgPSRT 

| J May  ^79 


14.  MONITORING  AGENCY  name  a AOORESWIf  dlUtrmnt  trom  Controlling  Otlic,)  IS.  SECURITY  CLASS,  (ol  thl,  roport) 

Same  ✓"T^T  ~7~ l UNCLASSIFIED 


I/' ) ii  p* 


15a.  DECLASSIFICATION/ DOWNGRADING 
, SCHEDULE 

N/A 


IS.  DISTRIBUTION  STATEMENT  (ol  thle  Roport) 

Approved  for  public  release;  distribution  unlimited. 


I 17.  DISTRIBUTION  STATEMENT  (ol  the  abetted  entered  In  Bloch  20,  II  dllloront  horn  Roport) 


IS.  SUPPLEMENTARY  NOTES 


RADC  Project  Engineer:  Bobby  Gray  (OCTP) 


It  KEY  WORDS  (Continue  on  reeoree  oldo  II  neceeeary  and  identify  by  block  number) 

Pyrolytic  graphite 
Electron  tubes 
Electrical  performance 


fa  ABSTRACT  (Continue  on  reveree  aldo  II  nocoaamry  and  Identity  by  block  number) 

The  purpose  of  this  project  was  to  evaluate  pyrolytic  graphite  grids.  Several 
tubes  were  built  to  the  same  general  geometry  as  the  4CW100.000E.  The  X2097U 
has  a pyrolytic  grid  and  screen.  The  number  of  grid  bars  was  increased  by  50X 
to  Improve  cutoff  characteristics.  The  stem  was  redesigned  to  improve  thermal 
cycling  stability.  The  X2097V  in  addition  had  a high  density  filament  which 
increased  perveance  by  30Z.  The  tubes  are  physically  Interchangeable  with  the 
4CW100,000E  and  in  critical  applications  requiring  high  grid  and  screen  dissipa- 
tion and  low  drive  voltage  have  superior  performance.  *». 


DO  , 1473 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  Data  Entered) 


tfto  SIS’ 


EVALUATION 

This  report  gives  a brief  description  of  an  attempt  to  fabricate 
Pyrolytic  Graphite  control  and  screen  grids  for  a standard  El MAC 
4CW100,000E  tetrode  tube.  Some  results  of  the  program  are  presented 
along  with  recommendation  for  future  work.  Typically  a tetrode  is 
limited  in  total  capability  by  the  limited  power  handling  ability 
of  the  grids.  Grid  current  interception  tends  to  produce  secondary 
electrons  which  limit  control  of  the  total  tube  current.  Also  the 
power  dissipated  in  the  grid  causes  primary  electron  emission  from  the 
grid  if  the  temperature  is  excessive.  Thus  this  program  attempts  to 
correct  some  of  these  problems  by  using  higher  allowable  temperature 
limits  of  pyrolytic  graphite  and  its  lower  tendency  to  emit  secondary 
electrons. 

BOBBY  GRAY  ^ 

Project  Engineer 
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PYROLYTIC  GRAPHITE  DESCRIPTION 

The  purpose  of  this  Contract  was  to  build  several  power  grid  tubes  as 
nearly  like  the  4CW100.000E  as  possible,  but  with  pyrolytic  grids,  and  in  ; 

another  version  have  a double  density  filament. 

Pyrolytic  graphite  is  an  interesting  form  of  carbon.  It  has  high  hot 
strength  and  dimensional  stability  along  with  a very  low  coefficient  of  ther- 
mal expansion.  Its  low  secondary  emission  coefficient  coupled  with  a rela- 
tively high  work  function  all  make  for  a good  grid  material.  Even  the  high  / 

electrical  resistance  (20  times  moly)  is  not  all  bad  as  this  will  tend  to 
prevent  parasitic  oscillations.  Because  of  pyrolytic  high  emissivity  of  .77, 
this  increase  in  resistance  for  the  same  grid  drive  will  cause  only  a moderate 
increase  in  grid  operating  temperature  when  compared  with  the  4CW100.000E.  In 
Table  I the  pertinent  material  characteristics  are  given  along  with  a compari- 
son of  moly  and  copper.  Pyrolytic  graphite  is  manufactured  from  natural  gas 
using  a CVD  process.*  It  is  not  an  invariant  material  and  its  characteristics 
are  critically  dependent  on  the  manufacturing  process  and  controls. 


TABLE  I 


Pyrolytic 

Graphite 

Molyb- 

denum 

Copper 

A B 

C 

Plane 

Plane 

Density  gm/cm3 

2.21 

10.2 

8.89 

Tensile  Strength  kg/m^ 

13- 106 

317- 103 

100- 106 

15- 106 

Thermal  Conductivity  W/cm2/°C/cm  20°C 

3.98 

.018 

1.6 

3.94 

1000OC 

1.88 

.011 

1.1 

3.6 

Specific  Heat  joules/cm3/oc 

2.41 

2.66 

3.42 

Total  Thermal  Expansion  20°-1000OC 

.24% 

1.6% 

.6% 

2.1% 

Total  Emissivity  1000OC 

.77 

.5 

.25 

.04 

Electrical  Resistivity  ohm  cm  20°C 

4.3-10-4 

.67 

8- 10-6 

1.8- 10"6 

1000°C 

1.6-10-4 

2.9- IQ"5 

8.6- 10"6 

*For  further  reading  see  "Pyrolytic  Graphite".  William  H.  Smith  & Donald  Leeds, 
Modern  Materials,  Vol.  7 1970  Academic  Press. 
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Tube  Design 


The  layout  of  the  X2097U  and  V is  shown  in  Figure  1.  The  only  differ- 
ence between  the  two  tube  types  is  the  density  of  the  filament.  All  copper 
parts  which  were  used  in  the  stem  of  the  4CW100.000E  were  replaced  with  molyb- 
denum and  Kovar.  The  internal  brazes  were  replaced  with  heliarc  welds. 

These  changes  improved  the  internal  maximum  safe  operating  temperature  as  well 
as  improving  dimensional  accuracy.  The  increased  current  required  for  the 
double  density  filament  presented  no  problem  with  this  new  stem  design. 

In  a power  grid  tube  using  a non-focussing  geometry  the  electrical  per- 
formance is  improved  by  reducing  grid  bar  diameter  and  increasing  the  number 
of  bars.  Pyrolytic  graphite  strength  is  such  that  increasing  the  number  of 
grid  bars  to  120  from  80,  used  in  the  4CW100,000E,  was  practical  and  did  not 
hurt  tube  rigidity. 

Tube  Testing 

As  part  of  the  tube  evaluation  various  tube  characteristics  were  measured 
and  these  results  are  given  in  the  tube  curves  in  the  Appendix.  For  compari- 
son purposes  refer  to  Figures  X,  Y,  Z,  ZZ. 

Test  Results 


Characteristic  Curves. 

Test  results  were  consistent  with  prediction.  When  compared  with  the 
4CW100,000E  the  X2097U  shows  a signigicant  improvement  in  perveance.  Per- 
veance  is  mostly  a function  of  grid  filament  spacing  and  this  increase  was 
due  mostly  to  the  closer  hot  spacing  caused  by  the  low  expansion  of  pyro- 
lytic graphite.  The  X2097V  has  even  higher  perveance  and  this  is  caused 
by  the  increased  filament  wire  area.  Although  the  area  is  double  the  per- 
veance increase  was  only  30%. 

The  increase  in  grid  bars  to  120  had  a significant  effect  on  reducing 
grid  cutoff  voltage.  This  reduces  grid  drive  voltage  but  if  the  tube  is 
driven  positive  the  high  grid  current  characteristic  of  pyrolytic  graphite 
will  prevent  a reduction  in  grid  drive  power. 

The  high  grid  dissipation  capabilities  of  pyrolytic  graphite  are  best 
utilized  by  increasing  the  screen  operating  voltage  which  in  a typical  appli- 
cation will  reduce  the  grid  current.  Because  of  low  secondary  emission  grid 
current  in  both  the  X2097U  and  X2097V  is  quite  high.  For  rf  application 
the  X2097V  with  2000V  screen  looks  like  an  interesting  choice  of  operating 
parameters.  Since  melting  or  changing  of  surface  texture  are  not  a problem 
with  pyrolytic  graphite;  the  limiting  factor  for  grid  dissipation  is  the 
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permissible  primary  grid  emission.  As  long  as  this  remains  less  than  a few 
milli amps  there  should  be  no  effect  on  operation. 

Power  Tests 

Both  the  X2097U  and  X2097V  were  tested  as  an  rf  amplifier  and  as  a short 
pulse  modulator  tube.  The  rf  test  was  the  same  as  given  to  all  4CW100,000E' s 
and  the  results  were  very  satisfactory.  The  peak  rf  voltage  was  approxim- 
ately 60KV  and  there  were  fewer  plate  arcs  during  the  aging  process  that  are 
typical  of  standard  production.  In  high  pot  tests  the  tubes  do  not  perform 
as  well.  In  the  power  modulator  tests  maximum  operating  voltage  is  50KV  hold- 
off  when  30  to  35  amps  of  current  are  drawn  during  the  20  usee  pulse.  The 
lower  than  expected  holdoff  voltage  is  attributed  to  microparticles  origina- 
ting from  the  exposed  laminations  in  the  pyrolytic  grids. 

Recommendations  for  Future  Work 

Eliminating  microparticles  from  the  pyrolytic  grids  by  special  sealing 
or  coating  techniques  is  an  obvious  need.  More  important  than  this  would  be 
reducing  the  size  of  the  grid  bars.  This  would  be  achieved  by  better  control 
and  understanding  of  the  pyrolytic  graphite  manufacturing  process. 
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FIGURE  A9.  Constant  Current  Ec2  ■ 2000V  X2097V 
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